Sepsis is a complex systemic illness which is characterized by various degrees of hypotension, coagulopathy, and multiorgan dysfunction (4) . Despite advances in supportive therapy, the mortality rate in patients from severe sepsis continues to be as high as 30 to 40%. The sepsis syndrome is associated with the unabated release of inflammatory mediators, including cytokines and chemokines, which often results in detrimental effects to the host (4, 15) . The release of inflammatory molecules is regulated and counterbalanced by the coordinated expression of anti-inflammatory cytokines such as interleukin 10 (IL-10) (34) .
IL-10 is an important anti-inflammatory cytokine and is one of the most potent produced. This cytokine is a 35-kDa protein, produced by the activated Th2 subset of CD4 ϩ T cells, B cells, monocytes, keratinocytes, and bronchial epithelial cells. IL-10 plays an important role in down-regulating the expression of monocyte-derived tumor necrosis factor alpha (TNF-␣), IL-1, and members of both the C-X-C and C-C chemokine families (5, 8, 23) . Specifically, IL-10 has been shown to downregulate lipopolysaccharide (LPS)-inducible mRNA expression of proinflammatory cytokines from monocytes/macrophages, including TNF-␣, IL-1, and IL-12 and chemokines KC, macrophage inflammatory protein 1␣ (MIP-1␣), and MIP-2 (6, 9, 13, 20) . In addition, IL-10 inhibits the surface expression of major histocompatibility complex class II molecules, nitric oxide synthesis, and NF-B nuclear translocation after LPS stimulation and causes the down-regulation of TNF-␣ receptors (16, 19, 35) . Studies have identified IL-10 to be an important regulator of inflammation in a variety of inflammatory disease states, including sepsis (28) . For example, increased blood IL-10 levels are found in septic patients, as well as healthy subjects challenged with endotoxin intravenously (21, 31) . Importantly, the expression of IL-10 in sepsis is prolonged relative to the more rapid and transient expression of proinflammatory cytokines.
Sepsis patients have been shown to be highly susceptible to the development of nosocomial infection, particularly bacterial infection of the lung (7) . The exact mechanism(s) for this phenomena remains unclear. However, dysregulation of blood monocyte function is believed to play an important role in this sepsis-mediated immunosuppression. Indeed, monocytes recovered from septic patients display a number of defects in regulatory cytokine production, antigen processing, and antigen presentation (10, 11, 24, 25, 33) .
Few studies have examined the functional effects of systemic inflammation on tissue macrophages, and specifically the alveolar macrophages (AM). This is of considerable importance given that the AM represents the predominant resident immune effector cell within the alveolus. The AM is the initial phagocytic cell that comes in contact with inhaled pathogens. In addition, the AM can amplify the pulmonary inflammatory response through the production of various leukocyte chemo-tactic and activating cytokines. Previous work has provided evidence of abnormal function of AM isolated from animals during the postseptic period (26, 29) .
The purpose of this study was to further define how sepsis alters AM function. A murine model of sepsis and cecal ligation and puncture (CLP) was employed to determine the effect of abdominal sepsis on AM effector cell function, including the ability to express proinflammatory cytokine mRNA and proteins, AM phagocytic activity, and AM apoptosis. Additional studies were performed to identify the contribution of endogenous IL-10 to sepsis-induced impairment in AM function.
MATERIALS AND METHODS
Reagents. Polyclonal antimurine TNF-␣, IL-10, IL-12, KC, and MIP-2 antibodies used in enzyme-linked immunosorbent assays (ELISAs) were produced by immunization of rabbits with murine recombinant cytokines in multiple intradermal sites with complete Freund's adjuvant. Carrier-free murine recombinant TNF-␣, IL-10, IL-12, KC, and MIP-2 were purchased from R&D Systems, Minneapolis, Minn. In IL-10 neutralization experiments, 0.5 ml of control rabbit serum or anti-murine IL-10 serum was administered intraperitoneally (i.p.) 24 h after CLP. This antiserum contained an anti-IL-10 antibody titer of 10 6 and has been shown to be neutralizing both in vitro and in vivo (18, 34) . Purified antibodies for ELISA were obtained by purification over an endotoxin-free protein A column. Annexin V-fluorescein isothiocyanate (FITC) and propidium iodidephosphatidylethanolamine for flow cytometry were purchased from Pharmingen (San Diego, Calif.).
Animals. Specific-pathogen-free CD-1 mice (6-to 12-week-old females; Charles River Breeding Labs) were used in all experiments. CD-1 mice were chosen because the CLP model has been well characterized in this outbred strain and CLP has been shown to result in a dramatic increase in susceptibility to respiratory pathogens in CD-1 mice (29, 34) . All mice were housed in specificpathogen-free conditions within the animal care facility at the University of Michigan until the day of sacrifice.
Animal model. The cecal ligation and 25-gauge puncture model was used as a model of systemic sepsis syndrome as previously described (34) . In distinct contrast to CLP models using larger-gauge cecal punctures (19 gauge and larger), in which most animals rapidly develop bacteremia due to enteric organisms and in which death occurs as a result of polymicrobial sepsis (3), CLP using a 25-gauge needle results in the development of bacteremia in only 10 to 15% of animals (data not shown). However, this insult induces a marked septic response, with death occurring in approximately 20 to 30% of animals. To perform this procedure, pathogen-free female CD-1 mice were anesthetized with pentobarbital (Butler Company, Columbus, Ohio) at 50 mg/kg of body weight i.p. followed by inhaled methoxyflurane (Metafane; Pitman-Moore Inc, Mundelein, Ill.) as needed. In these mice (CLP mice), a 1-to 2-cm longitudinal incision to the lower-right quadrant of the abdomen was performed and the cecum was exposed. The distal one-third was ligated with 3-0 silk suture and punctured through and through with a 25-gauge needle. A small amount of the bowel contents was then extruded through the puncture site. The cecum was then replaced into the peritoneal cavity, and the incision was closed with surgical staples. In control animals, the cecum was exposed but not ligated or punctured and then returned to the abdominal cavity (sham operation). All mice were administered 1 ml of sterile saline subcutaneously for fluid resuscitation during the postoperative period.
BAL. Bronchoalveolar lavage (BAL) was performed to obtain AM in pure culture for ex vivo studies. First, mice were euthanized by asphyxia in a high-CO 2 environment. The trachea was then exposed and intubated using a 1.7-mmoutside-diameter polyethylene catheter. BAL was performed by instilling Dulbecco's phosphate-buffered saline (PBS) (Life Technologies, Grand Island, N.Y.) containing 5 mM EDTA in 1-ml aliquots. Fifteen milliliters of PBS was instilled per mouse, with approximately 10 ml of lavage fluid retrieved. Lavaged cells from each group of animals were pooled and counted after hypotonic lysis, and cytospins for determination of BAL differentials were prepared. Lavaged cells consisted of greater than 95% AM for each of the groups examined (data not shown).
AM culture conditions. AM obtained from BAL were washed and resuspended in RPMI-Dulbecco modified Eagle medium without serum and with or without antibiotics (Life Technologies, Bethesda, Md.). For culture supernatants and isolation of RNA, cells were seeded at concentrations of 5 ϫ 10 5 and 1 ϫ 10 6 cells/ml, respectively, into six-well tissue culture plates (Costar, Cambridge, Mass.). The cells were then incubated with Escherichia coli 055:B5 LPS (Sigma Chemical Co., St. Louis, Mo.) for 16 h for ELISA and 2 h for mRNA analysis at 37°C under an atmosphere of 5% CO 2 . These time points were chosen because they represent the maximal accumulations of cytokine protein and mRNA, respectively. AM culture supernatants were harvested at specified time points and stored at Ϫ70°C until analyzed by ELISA. In separate experiments, adherent AM were washed and lysed for RNA isolation. Murine cytokine ELISAs. Murine TNF-␣, IL-10, IL-12, KC, and MIP-2 were quantitated using a modification of a double-ligand method as previously described (34) . Briefly, flat-bottom 96-well microtiter plates (Immuno-Plate I 96-F; Nunc, Roskilde, Denmark) were coated with 50 l of rabbit antibody against the various cytokines (1 g/ml in 0.6 M NaCl-0.26 M H 3 BO 4 -0.08 M NaOH, pH 9.6)/well for 16 h at 4°C and then washed with PBS (pH 7.5)-0.05% Tween 20 (wash buffer). Microtiter plate nonspecific binding sites were blocked with 2% bovine serum albumin in PBS and incubated for 90 min at 37°C. Plates were rinsed four times with wash buffer, and diluted (neat and 1:10) cell-free supernatants (50 l) in duplicate were added, followed by incubation for 1 h at 37°C. Plates were washed four times, followed by the addition of 50 l of biotinylated rabbit antibodies against the specific cytokines (3.5 g/ml in PBS [pH 7.5]-0.05% Tween 20-2% fetal calf serum)/well, and plates were incubated for 30 min at 37°C. Plates were washed four times, streptavidin-peroxidase conjugate (BioRad Laboratories, Richmond, Calif.) was added, and the plates were incubated for 30 min at 37°C. Plates were washed again four times, and chromogen substrate (Bio-Rad Laboratories) was added. The plates were incubated at room temperature to the desired extinction, and the reaction was terminated with 50 l of 3 M H 2 SO 4 solution/well. Plates were read at 490 nm in an ELISA reader. Standards were 1/2 log dilutions of recombinant murine cytokines from 1 pg/ml to 100 ng/ml. This ELISA method consistently detected murine cytokine concentrations above 25 pg/ml. In accordance with the standard protocol, the concentrations of cytokines in the AM-conditioned media, plasma, and peritoneal lavage fluid were derived from the linear portion of the ELISA curve for each respective cytokine. In some instances, serial dilutions were performed in order for values to fall on the linear portion of each standard curve. The ELISAs did not show a cross-reaction with IL-1, IL-2, IL-4, or IL-6. In addition, the ELISAs did not show a cross-reaction with other members of the murine chemokine family, including murine JE/monocyte chemoattractant protein 1, RANTES, growth-related gene ␣, and epithelial cell-derived neutrophil-activating protein 78.
Isolation and reverse transcriptase PCR amplification of AM total mRNA. Total cellular RNA from AM was isolated as previously described (16) . Briefly, total cellular RNA from AM was isolated, reversed transcribed into cDNA, and then amplified as previously described, using specific primers for TNF-␣, MIP-2, KC, IL-10, and IL-12 p35 and p40 subunits, with ␤-actin primers serving as a control. The primers used had the sequences 5Ј-CCT-GTA-GCC-CAC-GTC-G TA-GC-3Ј and 5Ј-TTG-ACC-TCA-GCG-CTG-AGT-TG-3Ј for TNF-␣, 5Ј-TG A-GCT-GCG-CTG-TCA-GTG-CCT-3Ј and 5Ј-AGA-AGC-CAG-CGT-TCA-C CA-GGA-3Ј for KC, 5Ј-TGC-CTG-AAG-ACC-CTG-CCA-AGG-3Ј and 5Ј-GG T-AGC-CTT-GCC-TTT-GTT-CAG-3Ј for MIP-2, 5Ј-CTA-TGC-TGC-CTG-CT C-TTA-3Ј and 5Ј-ATG-GCC-TTG-TAG-ACA-CCT-3Ј for IL-10, 5Ј-ACC-TGC-TGA-AGA-CCA-CAG-AT-3Ј and 5Ј-GAT-TCT-GAA-GTG-CTG-CGT-TG-3Ј for IL-12 p35, 5Ј-ATG-TTG-TAG-AGG-TGG-ACT-3Ј and 5Ј-GGA-CTG-CT A-CTG-CTC-TTG-AT-3Ј for IL-12 p40, and 5Ј-ATG-GAT-GAC-GAT-ATC-G CT-C-3Ј and 5Ј-GAT-TCC-ATA-CCC-AGG-AAG-G-3Ј for ␤-actin. These gave amplified products of approximately 380 bp for TNF-␣, 256 bp for KC, 355 bp for MIP-2, 455 for IL-10, 314 for IL-12 p35, 384 bp for IL-12 p40, and 812 bp for ␤-actin. The amplification buffer contained 50 mM KCl, 10 mM Tris-HCl (pH 8.3), and 2.5 mM MgCl. A specific oligonucleotide primer was added to the buffer, along with 5 l of the reverse-transcribed cDNA samples. The cDNA was amplified after determining the optimal number of cycles. After amplification, the sample was separated on a 2% agarose gel containing 0.3 mg (0.003%) of ethidium bromide/ml and bands were visualized and photographed using UV transillumination.
Plasma and peritoneal fluid IL-10 analysis. At designated time points, the mice were euthanized by asphyxia in a high-CO 2 environment. The peritoneal cavity was lavaged with 1 ml of sterile saline, and this peritoneal lavage fluid was collected. Blood was collected in heparinized syringes by cardiac puncture via the right ventricle and centrifuged, and the plasma fraction was then collected. Peritoneal lavage and plasma were then stored at Ϫ20°C for assessment of cytokine levels.
Phagocytic assay. BAL fluid was centrifuged at 551 ϫ g for 10 min at 4°C. The pellet was resuspended in RPMI-Dulbecco modified Eagle medium without serum or antibiotics. Cells were counted in a hemocytometer using trypan blue exclusion as an index of viability. Test tubes (Falcon; Becton Dickinson, Para-mus, N.J.) were seeded with 2 ϫ 10 5 cells/200 l for each condition. Phagocytosis was performed using the Phagotest kit (Orpegen, Heidelberg, Germany). Ten microliters of mixed precooled FITC-labeled opsonized bacteria (E. coli-FITC) (10 9 /ml; 0°C) was added to the test tubes, and the test tubes were vortexed. Tubes were incubated in the dark for 2 h at 37°C under an atmosphere of 5% CO 2 , with a control sample (without E. coli-FITC) remaining on ice. At the end of the incubation time, all samples were placed in ice water and 2 l of an ice-cold quenching solution (Orpegen) was added to each sample. Then 200 l of washing solution (Orpegen) was added to each sample. Samples were centrifuged at 551 ϫ g for 10 min at 4°C. The supernatant was discarded. All samples were washed again. Phagocytosis was then immediately assessed by flow cytometry (EPICS Profile II; Coulter Electronics Inc., Miami, Fla.). The proportion of phagocytizing cells was assessed.
Apoptosis assay. AM apoptosis was determined by flow-cytometric analysis of surface expression of phosphatidylserine. AM were obtained from BAL 24 h post-CLP or sham surgery and then stained with annexin V-FITC and propidium iodide-phosphatidylethanolamine (Pharmingen) according to the manufacturer's protocol. Cells that stain for annexin V only are undergoing early apoptosis, whereas cells that stain for both annexin V and propidium iodide are undergoing late apoptosis. Cells were analyzed without fixation by flow cytometry within 1 h of staining.
Statistical analysis. Data were expressed as means Ϯ standard errors of the means (SEM). Statistical significance was determined using the unpaired Student t test. All calculations were performed on the Prism, version 3.0, statistical program (Graphpad Software, Inc., San Diego, Calif.). Values of P that were Ͻ0.05 were considered significant.
RESULTS
Effect of sepsis on AM cytokine production. To establish the effect of sepsis on AM cytokine production, AM were lavaged from CD-1 mice 24 h after mice under went CLP or sham surgery and then were incubated for 18 h in the presence or absence of LPS at 1 g/ml. Dose-response curves were performed to determine the optimal concentration of LPS to be used in these experiments. The 24-h time point for AM harvest was chosen because maximal immunosuppression occurs at 24 h post-CLP (34). Supernatants were then assessed for the presence of TNF-␣, IL-10, IL-12, KC, and MIP-2 by ELISA. These cytokines were chosen for study because each of these cytokines has been shown to regulate protective innate responses in murine bacterial pneumonia models. As shown in Fig. 1 , both resting and LPS-stimulated AM from septic mice produced smaller amounts of TNF-␣, IL-12, KC, and MIP-2 than did AM isolated from control mice. When challenged with LPS, AM isolated from septic mice produced 30.1, 53, 53.5, and 52.8% smaller amounts of TNF-␣, IL-12, KC, and MIP-2, respectively, than did LPS-stimulated AM from mice subjected to a sham operation (sham operation mice) (P Ͻ 0.05 for all cytokines). Interestingly, no IL-10 was detected from AM recovered from either sham operation or CLP mice cultured with or without LPS (data not shown).
Cytokine mRNA levels from unstimulated and LPS-stimulated AM were determined by reverse transcriptase-polymerase chain reaction. In this study, AM were lavaged at 24 h following CLP and then cultured in the presence or absence of LPS (1 g/ml) for 2 h and cytokine mRNA levels were determined. Resting and LPS-stimulated AM obtained from septic mice expressed substantially decreased amounts of TNF-␣, IL-12 p40, KC, and MIP-2 mRNA, compared to similarly treated AM obtained from sham operation animals (Fig. 2) . No IL-10 mRNA was detected from resting or LPS-challenged AM recovered from either sham operation or CLP animals (data not shown).
Effect of sepsis on AM phagocytic function ex vivo. To assess the effect of abdominal sepsis on AM antimicrobial activity, AM were isolated from CLP and sham operation mice and phagocytic activity was determined. In these experiments, CD-1 mice underwent sham surgery or CLP and then BAL was performed at various time points postsurgery. AM were incubated with FITC-labeled E. coli, and then flow cytometry was performed to assess qualitative differences in ingestion of bacteria between AM from septic and control mice. As shown in Fig. 3 , no statistically significant differences in AM phagocytic activity was detected in cells obtained from CLP or sham operation animals at 6 h postsurgery (37.4% Ϯ 5.3% phagocytic activity for AM from CLP mice versus 42.6% Ϯ 4.4% for Induction of IL-10 in plasma and peritoneal fluid following CLP. Given that IL-10 is a potent anti-inflammatory cytokine which has been shown to be elevated in patients with sepsis, immunoreactive IL-10 was measured in plasma and peritoneal lavage at baseline (pre-CLP) and at 6, 12, 24, 48, and 76 h post-CLP. An IL-10 concentration over baseline was induced in the plasma as early as 12 h, peaking at 24 h, with a gradual decline at 48 h and return to baseline by 76 h (Fig. 4) . Likewise, measurement of IL-10 from peritoneal lavage fluid demonstrated peak levels by 24 h, with a return to baseline by 76 h. Interestingly, the temporal expression of IL-10 closely correlated with the time course of impaired AM effector cell activity.
Effect of IL-10 neutralization in vivo on AM cytokine production ex vivo. After demonstrating impairments in AM proinflammatory cytokine production and phagocytosis, which occurred in association with the enhanced and persistent elevation of IL-10 in CLP mice, we next examined the effects of in vivo IL-10 neutralization on AM function ex vivo. In these studies, mice were treated with rabbit anti-IL-10 antisera or control preimmune serum i.p. 24 h following CLP and then AM were harvested by BAL 8 h later. Treatment with anti-IL-10 was delayed, because we have previously shown that neutralization of IL-10 at the time of CLP results in an increase in sepsis-induced mortality (29) . AM were adherence purified and then cultured in the presence or absence of LPS for 18 h. As shown in Fig. 5 , AM obtained from mice passively immunized with anti-IL-10 antisera showed a significant increase in the ability to produce TNF-␣ and IL-12, and to a lesser extent KC and MIP-2, compared to AM obtained from CLP mice treated with preimmune serum in vivo (P Ͻ 0.05 for all cytokines).
Effect of IL-10 neutralization in vivo on AM phagocytic activity ex vivo. To assess the role of IL-10 in down-regulating AM antimicrobial activity during abdominal sepsis syndrome, neutralization of IL-10 in vivo was performed, followed by isolation of AM from CLP and sham operation mice for assessment of phagocytic activity ex vivo. In these studies, CD-1 mice underwent sham surgery or CLP and then 24 h later were administered either rabbit anti-IL-10 serum or control serum i.p. Eight hours following antibody administration, AM were recovered and then immediately cocultured with FITC-labeled E. coli and flow-cytometric analysis was performed. Compared to what was found for AM recovered from CLP mice pretreated with control serum, treatment of CLP mice with anti-IL-10 serum resulted in a significant improvement of AM phagocytic activity (20.8% Ϯ 2.7% phagocytic activity for AM from CLP mice given control serum versus 32.8% Ϯ 3.5% for AM from CLP mice given anti-IL-10 serum; P Ͻ 0.05) (Fig. 6) .
Effect of CLP on AM apoptosis. Previous studies have shown enhanced apoptosis of immune effector cells during systemic sepsis syndrome (1, 2, 14, 17, 36) . Therefore, we next determined whether enhanced apoptosis would partially explain the impaired AM effector cell function observed in sepsis. CD-1 mice underwent sham surgery or CLP, and then 24 h later BAL was performed and cells were immediately stained with annexin V and propidium iodide as indicators of cellular apoptosis and death, respectively. Flow-cytometric analysis was performed on cells within 1 h of their being stained, and the percentages of apoptotic cells were determined. There was no statistically significant difference between the number of apoptotic AM recovered from CLP mice and the number recovered from animals 24 h after undergoing sham surgery (Fig. 7) . In fact, there was a trend toward a lower percentage of early apoptotic cells isolated from the CLP mice than from controls (8.3% Ϯ 5.4% versus 13.1% Ϯ 6.1%, respectively; P ϭ 0.08). These results were confirmed by electron microscopy, as the majority of freshly isolated AM from control and septic mice failed to demonstrate morphologic evidence of either apoptosis or cellular necrosis, and no differences between the two groups was noted (data not shown).
DISCUSSION
A number of functional defects in leukocytes isolated from sepsis patients have been characterized, particularly in blood monocytes. These defects include alterations in antigen-presenting ability, diminished HLA-DR expression, and dysregu- lated cytokine production (11, 24, 25, 33) . Interestingly, impaired monocyte function has important clinical ramifications, as high mortality rates have been observed in patients displaying evidence of sepsis-induced monocyte deactivation (10) . In the present study, we observed that the effects of sepsis are not limited to the circulating pool of blood monocytes but are also observed in more-differentiated tissue macrophages. Specifically, we detected quantitative defects in the ability of AM from septic mice to produce important proinflammatory cytokines, as well as defects in AM phagocytic activity. The suppression of AM effector cell activity was transient and reversible, with nearly complete restoration of phagocytic function by 72 h after the onset of abdominal sepsis.
The mechanism of sepsis-induced AM deactivation has not been completely elucidated. However, IL-10 appears to be a major endogenous mediator of these effects. First, the upregulation of IL-10 in response to CLP temporally correlated with the duration of AM suppression. In addition, we found that the delayed administration of the IL-10 antibody in vivo resulted in partial restoration of AM effector cell function. Our (29) . The suppression of proinflammatory cytokine production occurred in concert with decreased cytokine mRNA levels. The global dsyregulation of proinflammatory cytokine mRNA synthesis is consistent with interference of NF-B-dependent signal transduction, which has shown to be required for the gene expression of these cytokines and which is inhibited by IL-10 (35). We employed a novel technique of quantitating ingestion of FITC-labeled opsonized bacteria by flow cytometry to demonstrate impaired phagocytosis of E. coli by AM recovered from septic mice. Our results are consistent with previously published observations in a rat model of sepsis (26) . We have extended these observations to demonstrate a temporal window of phagocytic responses and to demonstrate the importance of IL-10 as a mediator of this response. While it is known that IL-10 can inhibit the phagocytic responses of other leukocyte populations, the mechanism by which IL-10 inhibits AM phagocytosis remains unclear (18) . We have examined the expression of several important cell surface molecules involved in the phagocytic response, including CD54, CD11b, CD11c, and CD16/32 but were unable to detect differences in expression between AM from the septic and control groups (data not shown). The effect of sepsis on the cell surface expression of other candidate molecules is the focus of ongoing studies.
We observed time-dependent expression of IL-10 in response to CLP. A potential source of IL-10 was felt to be the AM themselves. However, we were unable to detect expression of IL-10 mRNA or protein from either resting or LPS-stimulated AM in culture. Our results are similar to those of Salez and associates, who found no synthesis of IL-10 by AM at baseline or in response to LPS at both the protein and mRNA level (27) . Even though murine AM do not appear to produce IL-10, it is known that murine macrophages can bind and express cell surface IL-10, and expression of surface IL-10 has been associated with decreased macrophage bactericidal activity (12) . Therefore it is likely that AM, while not a source of IL-10, can bind and are influenced by this cytokine. IL-10 most likely reaches the alveolus via the systemic circulation from cellular sources outside the lung. However, potential sources of IL-10 within the lung include T and B cells, NK cells, and lung epithelial cells (5) .
Prostaglandin E 2 (PGE 2 ) is a known inhibitor of proinflammatory cytokine expression from monocytes, as well as an inducer of IL-10 production (30, 32) . Furthermore, indomethacin has been shown to partially reverse monocyte deactivation induced by endotoxin. Therefore, an elevation of this eicosanoid could account for many of the observed changes in cytokine expression. While we have detected significant increases in PGE 2 in both lung and blood in mice after i.p. administration of endotoxin, we did not observe any increase in PGE 2 levels in either plasma or lung homogenates at any time after 25-gauge CLP. Moreover, we observed a striking reduction in PGE 2 production from LPS-stimulated AM from CLP mice, compared to similarly treated AM obtained from sham operation animals (unpublished data). Therefore, it is unlikely that PGE 2 plays a significant role in mediating the observed changes.
Studies were performed to determine whether sepsis led to an acceleration of AM apoptosis or cell death, thereby contributing to several of the defects observed. Of note, prior studies have shown that the sepsis syndrome can induce apoptosis of T cells, neutrophils, and lung alveolar epithelial cells (1, 2, 14, 17, 22, 36) . Indeed, the apoptosis of selected T-cell populations is believed to contribute to the T2-phenotype responses that predominate in the postseptic period. However, we did not find accelerated apoptosis or cell death of AM during the postseptic period. In fact, a trend toward protection from apoptosis was noted.
In summary, our results indicate that systemic sepsis syndrome results in impairment of AM effector cell function that is partially mediated by the enhanced expression of IL-10. Neutralization of IL-10 leads to restoration of AM function and therefore may serve as an important adjunct in overcoming sepsis-induced immunosuppresion, promoting more-appropriate host innate responses to respiratory pathogens.
